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(57) imm 

[HUH] ^>^£/< VT**;isb<ottmz.&&&mft 

WW 5o 
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1 

i-zm (omwtmt, mmxnwttm^ietiLZfi. be 

[»Bo»»4R«] 

[0 0 0 1] 
[0 0 0 2] 

<Dm&&&m&ffi\a*7J^#^T>(>y&Wi. TAB 

Ymax = (1/ (D min / 2) 2/ 
(D m in ;*'J>^V>^ /3 ;tt^», V;/^>^<$: 

{c, (i) ^f^/ot^g/i^^y^Itot^ 
( S*-C©EHIS:/h*<i-6, (2) ^ y ^OlIMB 

(3) «i«^</^^«:ftiMfSiJ:^ 

5, (4) ^«#^^^^ia»Eiixcoititmfcttn3iis 
[0008] '<>7 f> mm<D%m&&Jii>, *m 



(2) «BB¥9 - 3 6 12 0 

2 

HWfflP* 3 4 0 1 1 2 6 #^*&t/*H#!f SB 3 4 2 9 
[0 0 0 3] 7 y * ^ y ^H3£(i, 029 iCTjk-fm 

[0 0 0 4] 7 y y^y^jliSftfS-Cfi, ¥*fr^5> 

M£(c^£-t-3o 5s*Lfc*(fc«:. spm^y-fkmsk 
[ooo5] *MBa«#H«K:a«a5*4i:fc 

[ 0 0 0 6 ] {f|gt*#^fi. IBM J. Res. De 
v e 1 o p . , 13 ; 2 5 1 (1969) fiBifife £ ttT 
l^lilNf = Cf 1/3 Ymax" 2 - exp (1 4 2 8/ 

T m ax ) t«*n5t-f^^**oa (C ; f ; 

^ T max ; ft*?fi«) a><b> ^o^^^^-r 

[0 0 0 7] 

{ } (V/« h 1+ *) ^ . d . AT • Aa 

*f y ^ b/<y ^SffioifM* t*(OE«Sr 

/h£ < ( 1 ) O^fefi. ^H±F4 - 1 9 8 5 5^ 

f£l*fc-S:£-fr5 (2) #CMCM (Mu 1 

t i c h i p Module) tC^l^T, J£<£;£Q(7)|£ 

[0 0 0 9] ^Wtt^^Dfift^bSr/h* < L 

T3B£.-r5^fS:*S:'h£ < -TS (3) effete, 01]*. 
fi. «fBHB85 8 - 2 3 4 6 2^«{-*5U^r, 

5» [0 0 10] *Wfls:^5/^iIe]KEi»SS(^HCPrB 



3 

U *S«igS:»Hi-S*ft (4) Jl #M 
026 1 - 1 9 4 7 3 2^ ¥fm%E6 2-252946 
#P?|BS6 1 - 1 3 3 3 7^ t&mW-A - 2 1 9 9 4 

[ooii] II:, ^y/li^TO^ll^Lt 

^i^t5*S ( 5 ) fl *B^rF 3 4 0 1 1 2 6^ 
#P?f]Bg 6 0 - 3 8 8 3 9 -^4*$SU #MBg 59-56 

0»;ttf **BBHB 6 2 - 1 1 7 3 4 6 *4>#, #P^Bg 5 9- 
2 1 8 7 4 4-JH*«"Cfl ^y/tl^tM^, nn^c 

[0 0 12] '*>-?Wm\z.mt>Z>f&ji\ri. _b^L 

OI^Tfl Proc. 26th ECC, 67, (19 

7 6) tCfS*&£ftT^£1ISl;^ Pb-5°/oSn|^ 

#PJBg6 1 - 6 5 4 4 RZJHfrfflBB 6 1-80 

8 2 8^Sm Sn^M6 5-8 0%, XJ3 

[0013] ^y^^^y^lgtffl^Lt 

m^^t #ti -RisT^yr'**? Kfflt^6 7/u^ 

[0014] 4#P^Bg 59-121955 

rfflv^^y T&jR«jgfi K#ftfc3l«j£;rt*i*MaEL 

[0 0 15] #^0S5 6 - 1 2 1 9 5 5^ 

#»5 1 3 7 8 4 5f^*li, Cr/Cu/Au^f,» 

82 911 «B«S^«»Sr*-rs^y r&MSrfflv^fcH-e 

fcfc, ^y 74I»»l:»t5«*ttttlRl±t 5 fc«)"C 

[0016] K±<B*ft'< y r AM©»MlcH+5fBMi 
fl ^y/t^x^fi^ic, Wfc»*Mfc;LT< 3 



(3) ffl¥9 - 3 6 1 2 0 

4 

[0017] *d#f^ 4 3 6 0 1 4 2 
rF4 2 9 0 0 7 9#4*#«y<y T4kJR<0»»3Sl«S:ifi]± 
^y/il^Cr/Cr-Cu/Cu/ 
Aufct5CilJlJ;9, %3fc*«l36S^DTV^<y T4fe 

[0 0 18] fcC^^^^&T-fl ^V^^id^ 

*§^fi A<y T&jRffl^-eflWKds^i:. 7y y ^^ 

[0 0 19] ^V^^ffldSgEi-Siy-ffit-feV^-C^JRWit 

9 , 0llx.fl The International J 
ounal of Microcircuit and 

Electronic Packaging Vo 
i. 16 No. 1 Fir\st Quater 19 
20 9 3, -eil Cu-S nteefc^^*3SAIST^B8«^|e 
*t£*LT^5 0 dCOSftlfc-CteC u 3 Sn, Cu 6 Sn 5 

3 s ntfsjKricSixfcgh Cu 6 Sn 5 Mft^:^: 
«t9»»siis^(STi-sife*36 s ia«**trv^So Ei3i 

JJlteC u - S n^figH3^^-f- 0 
[0 0 2 0] -tCT^BS^FS- 1 8 4 9 7-*H*$R-CJl 

^y rAJBSfs^cisrt-s^A^jasrRjh-rs 

«**fTt>tt-C^5. 4*1. 1 9 9 2^m^f*#ffl{f^ 

j6? ^^^^a*p 5- i 3m s^^v^tctet 

5»*tt«l¥ 5- 2 3 5 1 0 2f, *S4#fr» 3 3 0 
3 3 9 3^^, 4#^Hg6 0- 5 7 9 5 7 -5jB£$ft 1:1*5^ 

[0 0 2 1 ] 

«^<y rA«»»T*#jiiii6s^t:6raiH^«oTv^fco 

40 [0 0 2 2] /NVyt«(0*ffi«C*5WS«#*<OiST^ 

i:ni 3 sn 4 ^[a^^/iiiiMctft 

[0 0 2 3] ^f^(CL5, a§**-C?<0*8feT?tt**ft: 
50 fl MftHliftot^fc, 



5 

[0 0 2 4] 

[0 0 2 5] w©fc«>jS*SIS:«^S*i^86t LT, 
( l ) ^ft:^- y ^co * /IgOf * 
•CS>e««r«<i-6, (2) 

fcl3BEj|ftSS©fRlB««*<oi6S:/h*<-rs, (3) 
X7» y^y^WlitSrSSB^-rS, (5) ^vXWS 
[0 0 2 6 ] «f(C, ^y/lifil^K^LT^ 

[0 0 2 7 ] *-ett* ^y/TOo^yy^/fy 
[ 0 0 2 8 ] c<zv<y T&jgtcgg-r^s^fcte, /<yr 

[0 0 2 9] Tft*»»"C(Of(«l«:BSjfcLr«»A 

it. 

[oo3o] z<D&mz£<>xmmt)fci&Ti-z>fflm 

[0 0 3 1 ] Sic, #7^S1g££^tt:£ Lt^5i 



(4) ¥fffl¥-9- 3 6 12 0 

6 

^y 7*-mm-tzt£te, ^m^—^mm-r^^x 
£tixmmm(DV 7phcj: ^<yTMo3^y^ 
m^'<v T&m±mmmi,x, ^>yt<D&mt)&i& 

[0 0 3 2] Z(DX 9 wtb^-C^y T^St-BBLT 

ttr*5b-r. ^yr&jR«B»-c^^^««^««stts 

laJHfifiPft £ ixT v ^ fro it 0 
[0 0 3 3] *$£m&. ±tZ<DWkm%§&&-Xte£tltci> 

[0 0 3 4] 

»***tfc^yrAJiiJit, ^yriincM^ 

[0 0 3 5] *»Wfi, JB2fc, 

»«Ji±fc, ^y^y^TO^H, &'<VT&m 
« lc*fr * 2 ©*WI«r»rtt 618, XVSE»2<o8 

[0 0 3 6] 

Mt6M<o, »i:^y7Mi^y^y^t 



7 

[0037] z<Dtcfri£m*¥mfcmw*MMF$izm^ 
xmm Lx^tcm^^mMtte<>x\s^fzs<vT&mt$ft 

JR£ LX»fi8Lfc*±«AJR*s^>^lc»»S*t, Tift 

[0 0 3 9 ] JUT\ HffiSr#flfiLr**WS:*ft:«j^K 
[0 0 4 0] Hilt *»Wfc«S¥*#3S«<^£*ftj 

[0 04 1 ] Hi (^-f <t 5 C0>*SMM£Bfi* ^ 
-f^yK7i, aR^-f^y K7±fc»«Sft 

5'<y r&jRg2 fc, /<y r&MJi 2&o^:/^>:7 p 

TIL 0>Jx.tfC u, Ni, Au, W, Ag, Al, C 
r, RVT i H5^>4< i fc l «©4«t 

£ Ltlt Pb, S n , In, Sb, B i , G a , RXJ 
[0 0 4 2] ro*a|fls3g|fifi, B2fc:^-f-J;5fc:* HI 

12, f 10gii4, &tfil2 0m^/f 5££<t^T 

m*6 1 <t Lttt 0 

[0 0 4 3] *»W(-*^5**ffiSB<o!Ri©||lfi<o 

[0044] h 3 ^*-r***3*B-ett, ^ y T &Jgg 

I12±{:, IT, Cu 3 Sni31, 

cu 6 s n 5 m3 2<om\zmj&£titi2m&mffl]&<o& 



(5) ¥fffl¥-9 - 3 6 12 0 

8 

fc^ 2 (DWiWtm 5 £ ft. ^:<o±{c, /Ny^y/ 

gl«t^Cu 3 Snf3 1lt Cu 6 Sn 5 Jl3 

2 icitee ltirw:^js:< l£££ft3 0 

[0 04 5] _Ltfi£>£ 9 IC, s<>"7ttmt Lt«/fi^ 

>-^&, /<y rii^Sil^ LT^^Mt^i^ 

Id^o^T, SLklCC u 3 S n£-&. Cu 6 S n 5 

U ftlSrCue Sn 5 ifcTBric L"0*Sfc», 

a±t:Mt6Cu 3 Sn^KBMtt, Cu 6 
s n 5 K»JlJi:itttur*:#<«*i-S^i:3iS»4 L 

[0 0 4 6 ] m^mte^^^MfrhCue S n 5 ft'JI- 

20 it* h y<—k LX£ 0 a»*«rt;iftUH U Cu 6 Sn 5 
[0 0 4 7 ] jgtc, *«W^*^5*a(flcSfi«<z>!B2(^ 

11211:, N i 3 S n 4 10>«ttJl 4 1 # 

»rt£ftT*3!K *l«»«i4l±i:, f&a*iS»«K: 

[0 0 4 8] C^-Cte:, ^i/^/HCN i 3 S n 4 
fiSct, #&Jf £:N i 3 S n 4 -hl-7J£/?Sc 1X^6 fc£>, 

[0049] ^.(Dtt, f&^^TJiS:. ^v^Mj&>&n i 

3 sn 4 iw«crp|^or«B»«* s if*p-r«*a*i:i"Sci: 

n i 3 s n 4 &&<Dtf:m&ffi±l,, #Rj£Wlkv< h y/< 
40 -fcltfffflL, Ni 3 Sn 4 ©EC4dcSr»t5^i 

[0 0 5 0] C*t*-eJ5B«»T^*3V^T»l9f9aft365iB: 

^<-<t IT, ^ v^fc fctt=y4r^«^bJB 
50 i\ «oT*K3ftflPS:5lE»a«i-Swi:!6S-e*«fc*0« 



(6) 



^m^9- 3 6 12 0 
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[0 0 5 1 ] HTI^, *&m<om 1 2 (7)2 

SI £ Si it 1" 6 * <D Jj fife <Z> - 0iJ I - o u% X Eft W "T 3 c 

[0 0 5 2] gS 1 <^®tt^A^5>'07 p ««Sr«x.fc# 
^fr^gOMigX^^IH 5 fcV* Li 1 6 fc^-f 0 

[0 0 5 3] H5Jc«-rj: >fl 

#7*) ^fcfisiN («fr>!i3y) a> tts 

y7Ml2i lt^jx.tfCu/T i 
<5 Q (C u = 1 /z m % T i = 0 . 1/zm) 
COCu/Tilfl ^V^Sr*«7« y^tMtSi 

[0 0 5 4] 7^^X\ IS 6 {ZTjk-T X 5 i-, Cu/Til 
f^f:v/y3>^ii{: % f!l/^hAZ4 9 
0 3 (^** h^-V^W±Si) ^tVn-htt, IS 
1 0 0 /z mf © Uv^^ hi 5 1 Sr^jStSo CCD u 
hJI 5 l lets, B#/3MfcKl «fc 9 , 90m m¥-jj<D 
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mfo^fl/^ifeittS 10 0/z mCOfUng&SrC u/ 

t i BtJtfc»riEi-*. 

[0 0 5 5] I»t 1/'^ h(Off^dS|f< TfcM4 

OOKt^p^- (^** h^-r^WtS) tc£9tT 

BBS fi. #J;tfi 1 3 t h I EMT Symp. pp2 
0 8, 1 9 9 2 iClEdc^ftTV^ «t 5 *fE*0^*8feT*ff 

[0 0 5 6] ^(D£.oizL.T, •»Zs 1 f4l'?'<yV7\Z. 

mfci-ZUftlz^ jS^y/^y K7±n*#4^ 
u^hi5i«nM^ti^'>y^>^ 

ML, MS2 Stt'C u/T i SrISffit Lt, y 

w (o. o3~o. 0 8ii%) &m&mfa%m&kL 



Tx SSE^tfl ~5 (A/di 



) -el 



[0 0 5 7] 



2 ty^/^fo > 

3 0 t>^/^fp > 
10 p p m 



l±{C^5 2?r3 



>*?y zn^U>^y : 4 0 0, 0 0 0) 

^yxfi/^>y ($H^fi : 6 0 0) 

«^5 7KfP^ 



2 0 
4 0 



p p m 
p p m 

p p m 



cot t 



/Ky^ptVy^yn-zi/ (S^ft : 7 0 0) 

z&tzmi&^zmte&'rLh 35^ mi?^ y^ts 
cu/Tiio**"e*ot()ftv\ 

[0 0 5 8] ^/c, C u/T i RilC^ril-r 

[0 0 5 9] $ s> ^r-r^y-c^c^l/v 5 ^ h <h L 

XM&LtzAZ 4 0 9 3^&4SI/^ hJ!5 1 T 50 



3 0 >d~>.*/;tfn >- 
8 ^-y^/^p > 

3 0 p p m 
3 0 p p m 
10 p p m 



- (^3r* h V s 



0 . 3 p p m 

£ LT#Jx_tf AZ y -A — 

[0 0 6 0] ft^T% *x/n±|^LT^BI:Cu3 S 
n^r5Mm. SO'Cu 6 Sn 5 S: 2 jtx mlliSfc^^^ y 2 ^ 

WLt-ItVT^ntV^o :WCu 3 Sn^I/Cu 
6 Sn 5 Oita^&tt:, ^^y^fe«CPfi3£SnS4><7>T- 
tt*<, t^^ >7 ^rffiia ^ C u i S n ^^i/^ii 



(T) 



<&W\¥-9- 3 6 12 0 
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ffSr*£«£-£"t\ Cu 3 Sn^5VMiCu 6 Sn 5 »l 
[0 0 6 1] &^T\ Cu 6 S n 5 ±I-I8^tl 5 2r« 

[0 0 6 2] tot, ft-a-*Ji«)3l!?J**fttt, «FKRj£ 70 
4 A/dm 2 ©ttH^«St*«S:*x.S^fti©SEtffl2:J: 

«>f ahV (S n 2+ ) 
«&-f (P b 2+ ) 

este^ftfii -4 (A/dm 2 ) tu isaflE2 5ic-e 

I^^I^L/^^^yyiM (Pb/Sn) 
*l^tC(5{^LV\ fcSV^ttP b«*fcf*S nWCfr-f 

9 «H5 2±td6 5 u m#r£±j£it6 0 
[0 0 6 6] ~9 LTA^^y/tffltfc^/^^ 

^hAZ 4 9 0 3Sr7t h >^ffl^ti*t6 0 

[0 0 6 7] c u/t i m2 ±(D^>ys<^y p 30 

3 ^^fiRSttr^s 1 JntcflJ^tfy y^i^;* h 

iRi:AZ 4 9 0 3 (^*^ h^-^W±§U) £fcteO 
FPR-8 0 0 (JCSCfSflsttS) 0>3ttfiWSE£rfT ofcj§ 

-fr-ct, y y^g5jB««o«B*-eu^ him 5 ztm 

[0 0 6 8] hl3(^y/^I^MLO^ 

&Jg-h"Cl 0 u m, ^V^&JRa^j^SftT^&^P b 40 
/Cue Sn 5 /Cu 3 Sn/Cu/Ti tM^tlS 
#y — K&JRtf>a$#-T?5 5 /i mcojRffSr^TUr^^o 
[0 0 6 9] Rl^T?, ^>ys<l<>Zf\ 00^m«t«9t>BB 
P"+ft^2 ^ m*#V*— i22tf* i04/i mCO^P/N^ — > 

l7tt5o K3fc:ttB3t^*/U*— 2 0 0 0 m J "Of? ^\ 

m^tm 1 5 hy°u- h±tv<— * 

[0 0 7 0] R^t ^<-* Lfc*3i^*mfft«fc** 



[0 0 6 3] £ e>*d«&^*«5±^eSt^ y^rifeSrfflV^ 
£ 1 0 0 ix mm<0 l/^ h^SrJF^U 1^£>^/S 

[0 0 6 4] #C^T\ y y^r»S:TIB«-E«fe"t-S^^* 

yS^y^^7«i^tt> 

C u/T i £r»ffi£ Lty y^rffil^JSt^lM 
[0 0 6 5] 



12 v o 1 % 

3 0 v o 1 % 

4 1 v o 1 % 
5 v o 1 % 
5 v o 1 % 
7 v o 1 % 

[0071] £k±<Djim$:?fo ^tx\ mi 3 
0 3^/^>'^^y p 3±^clil^R^]^c:^ 

-r^>T*a5^T' 5 5 fx nu _h*«fU»-C 75/i mBT'fco 
fc. 

[0072] #c^-e, w fifiiSoffi^JS-cfB 

x*/-;U^P,*fiSSn5»^»K-CCu3 SnWC 

u 6 sn 5 ^e>*aaiJi*4S:iw*«c:3:y^^^(fe*-r 

»»*r3cy^V^|Sft*«, TV* = 7\ uyv?7^ 

±l^t5^y7^Sl^Cu 3 Sn, Cu 6 Sn 5 R 
t/tt-S WS a*«#;®fiR £ ti tc^ > y * 7tm h ti S . 

[0 0 7 3] ^^-^lEffi^tOiB^^tt, 

iT^KiPf 5^cox*te£:u\ [Hi 8ic. 
*Offli^0iJ«:*-rig4r*-r o WtllHl 7*fc^H!l 8 

[0 0 7 4] J^Tf-, El4(-^-r«J:5**«W^^2«> 

[0 0 7 5] » 1 CDH^cO®(l<t^«^t^^Wi-6'> 
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^iift6o :<DM«*icu/T i (Dm&tmm 
[oo7 6] ^KDmm^mmtmmco^m^ 

ffl^t^ ^I/'^ FAZ 4 9 0 3 ££^^#<7^iltR 
MIT, K^^^HPt^o 
[0 0 7 7] C 5 LT^Vf^ KSR^^**sa 

t^/u-v- y > 

&^T\ ^^^l/^FAZ 4 9 0 3^^lt, Ni 

»«tR*©*»«rfflv^T^>^ft«:*8[S-fr5. 
[0 0 7 9] *fc»l<D*lt<Z)*llii:(B«©*ftS:fflV> 

5AZ 4 90 3 ^f:(j;OFPR-8 0 0^^^5 Uv^ 

[0 0 8 0] ftt^-e. m i ^>ltJfioJBllii:|p|«ofi-&« 
JKSrJfll^TlMMrJI 5 Sr^^^U Ni 3 Sn 4 ^ 
tfNii^, fi£»»5*?n«K **y— /k tMfc, iBM 

T i Sr*l03ft*0»|(ji4:WI»0»«S:fflv^T:3iy 

[0 0 8 1 ] S b^SBlLfci h^T-fer 

[0 0 8 2] £k±(DJLm&ft 0 C £ ct «9 , i4 tC^-ch 

[0 0 8 3] CO^t^^^^Sffirtffl^^^tt 

[0 0 8 4] CCOJ: 5(-Ur#ibttfc^*^ 

LB 2 1 Srfflu^TttW-rSo 

[0 0 8 5] ^«rti*-r5lilllEI»» 
*Ete0«;ttf*BW8fgU 8 1 1 0 8 2-§-fc5VMiii^O 

[0 0 8 6] »*«#K&tW**tt. *»W©»*f4» 

y > h £t£ SLC (Surface Laminar 
Circuit) *K«:ffl^S 0 



(8) ^Bflspg _ 3 6 12 0 
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5 0°CT% N i /T i SrISISt Lt, Mf*SS= y -Jr/UtR 
Mi:Lt, m«aSl-6 (A/dm 2 ) -e«^*^ 

[0 0 7 8] 

2 4 0 g/ 1 

4 5 g/ 1 

3 0 g/ 1 

19 g/ 1 
1—2 m 1 / 1 
[0 0 8 7] 019 (d^1-ct 0 fc, HJ&E/l&Sffi 2 1 

td N llO/im^fOfM^ltbil, Cu^Itli^t 
[0 0 8 8] 

2 Otc^-TJ: 9tc N ^:^««2 4 fcl3KKi|ft*IK2 1 
Pb/Sn = 4 0/6 0©»^J;nSi^2 0 

o °c t^wsoffc s tit t, ^ 0 

[0 0 8 9] i:[HlKIfi»S«2 1 

h 5 4£S«2 1 Srap^-rs-xf 1 — ^4:RI i:»«2 0 0 

KIB«SS2 i ©t«2 3 WKM^iSM 

[0 0 9 0] SlKSffl^Sr^rrS 2 5 OtC, 

^ 44 0 

[0 0 9 1 ] tX±.{z.7r.1rTM*ft 0 C tC J; «9 . 02 1 
Xt/H2^i-«***ff«llXt/^*»36«S:7y jy 

[0 0 9 2] r^L ID 2 2(C^i"ct 3 fC, i&KtaS£T:7 

y ^^s/^nsgLfc^^agflii cb(His§ia^s«2 i 

[0 0 9 3] *xntcffi*¥W*SfK«:7 y y^^yy" 
50 »3SUfc«^EI»i*««)fl»ICtt«:W«Ufci:w%, J^T 



(9) 
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*>»**:»*:. 
[0 0 9 4] 123(1, lOmmXl Omm^iftf 
y^i^P b/Sn = 40/6 O (D/< l/^MM* 2 5 6 
(I, f 100/imd)t«l, SLCSSK^y^ 

5 6 \f><o^i%ffi^h&Wt*—7>\ztjir>1t&& 

^stittit, attJc{f*gtti5A (Nfso) , aw* 

StVJ ? MZ&flrtt: (-55°C (30min) -25°C 
(5min) -125°C (30min) -25°C (5m JO 
in)) -CfTofco 

[0 0 9 5] [U<£, 2 3 1 fit, ^>-T-V K±(- 
Cu(l/im)/Ti (0. Um) 
2 3 2(1, N i (ljum) /T i (0. 1 u m) SrJ^^c 
Lfc4§-g\ 2 3 3(1, Pb (5/zm) /Cu 6 Sn 
5 (0. 2^m) /CU3 Sn ( 5 u m) / C u ( 1 ju 
m) /Ti (0. lMm) Sr*jjLti^ 2 3 4(1, 
Pb (5/zm) /N i 3 Sn 4 (0. 3 *z m) /N i 

( 1 & m) /T i ( 0 . 1 il m) &mf&l,tLW&. 2 3 
5(1, Cu/T i 0**-CS&«31#lB#Jl:«:fTo/t» 20 
£\ 2 3 6(1, N i/T i 0«*-C*&^»||#JLh«:fT 
ftofc*^ 2 3 7(1, Pb/Cu 6 Sn 5 /Cu 3 S 
n/Cu/T i tC*feJc:»ii:»J!BSrfTftofc»-&, 2 3 
8 (1, P b/N i 3 Sn 4 /Ni /T i bt-#fih» 

ft±K Pb : Sn = 4 0 : 6 0 <7)fiJ^(D P b - S n 

[0 0 9 6] ^yrVy^^KlCCu (1/zm) / 
Ti (0. 1/im) S:»*LfcRftf±2 0t>f^/W 
&J&*«£L 1 0 Ot-f^yK'l 0 0%JFSl:fto^, 30 
Pb (5/zm) /Cu 6 Sn 5 (0. 2 /z m) / (C u 
3 Sn (5/zm) /Cu ( 1 fi m) /T i (0. 1 u 
m) «ritLfcK»«:l 0 0 01M ^^*-e^Ffttt»** 
i\ 2 0 0 0 t^f ^ 1 0 0 i: 4 o fc 0 £h 

>tK»^««tt4r»*Ufc»*, 3 5 0 0t^^^f 
^SfllS^-fr-f, «*OCu/TiW*a^»lfiS 

[0 0 9 7] IW^V^i/KllCNi (l/z ^ 
m) /Ti (0. 1/zm) £:7f2/& LfcfWfl 5 0 if"^ ^ 
/K'^^I^Lt, 2 0 0t^^;utl0 0%^ft^ 
ftitlfc, Pb (5/im) /Ni 3 Sn 4 (0. 3 /z 
m) /Ni (1/im) /Ti (0. Um) *«LfcK 
£H1, 1 5 0 0f^f^/^T^gliMtf, 2 5 0 0 

^/ur* i o o%*&.bte<?t£o 
[0 0 9 8 ] :(D«SS:il2i:|S]aox^^v/« 
M-C»JhLfcK»Oftliltt*:WflIlLfc»*, 4 5 0 0t 

^^^swR«:attf**(ON i /t i (o^<om^st 
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[0 0 9 9] ft, **«*&ffofc4:i^«l»*— KICBB 
LT(1, t£*CDC u/T i *fcttN i /T i <Dfr&Ml& 
LfcHRliCu/T i SfcttN i /T i 

[ 0 1 0 0 ] ffl 2 4 (1, ^y/tg(Oi/i7aSS: 1 5 

o 0 Ccoi«^#^^tToTS'J^L^^mr^5o SUM 

241, 242, 243 fl, Cu (l/zm) /T i 
(0. 1/zm) Sr»l*Lfc«L ^:<OJhf-C u ^rcoM 
ff^&^l/zm, 5/zm, 3 0MmC^ft^«Mt 
fc^^/Tt, *iB2 4 4 % 2 4 5(1, C u ( 1 /z 

m) /Ti (0. 1/zm) «:»J* LfcgL ^©KCu 
3 Sn, Cu 6 Sn 5 RXfP b £r£-^ 1 0 0 0$->?X 

h cz— jU/2 // m/5 Mm, 2 /z m/ 1 0 0 0^>^^ 

(DfMmfc ±l-(l. $ Pb:Sn = 40:60O 

fij^tf>P b - S n^^^b^^^^V^^V^^Kft btb 

[0101] C ulKfftfS 1 /z m(Dt #(12 0 0fflt-> 
xTMHtiCiTl, C u = 5 ju m(Dt #(14 0 0 

#l*^*T3S«dS(STi-5*-C«FlBf±lt*D-rS36^ 8 0 

^>^t«stt, ^^iTiwjfB-eatit 

[0102] tZ. *>&m 24CD244, 245 {ZT^-tWk 
Cu 3 Sn Cu 6 Sn 5 ^CulCMl, 

t>v/zcT3ft«ttA*^«*U&l% #(-, Cu 3 SnfjH 
f^Cu6 S n5 JKffi-Jt«L"Cfft^«^fi->3ira[* 
(1 (5 t A, <t*{£T L V* C t tm o fc 0 
[0103] 11125(1, 12 4<Dtc£>\cm\<^btltzPlWl 

t mm<omm%s< v r ajr^n i /t i oi^ici it 

HJSL/c^m-e^So 2 5 1 , 2 5 2 , &V2 5 3 

(1, Ni (Um) /Ti (0. 1/zm) Sr^figL^ 
^, ^0±l:N i ^r, ^WfS^^^lMm, 5 Mm, 

3 o m m^mt^^xmm^tzm^^Tjk^. M254 

(1, N i ( 1 11 m) /T i (0. 1/zm) SrJKjiSt Lfc 
^, ^0±(CN 13 Sn 4 (1/zm) /Pb ( 5 u m) 

^>(C#^r Pb:Sn=40:6 0 CDfil^O P b-Sn^ 

[0104] 124 <om& t mmz n i mm^m < * s 

N i /T i iCN i 3 S n 4 ^Ml, Ni 3 S n 4 ± 

p b s Lfc-^co r »siifi t/uif 

[0105] (1126(1, Cu (1/L/m) /T i (0. 1 
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/zm) ±»S*n5Cu 3 Sn/Cu 6 Sn 5 *fctt 
N i /T i _klC7F2/££*l5N i 3 S n 4 ©Rfi:e/x7 
3fiftirO|H«Sr*Lfcje*-C«>6. El «t» . 2 6 1. 2 6 
2(1, ^Cu 3 S nif<Cu 6 S n 5 
CU3 SnH. 1 ix m N Cu6 Sns ?r2/imi|L 
fcS^ Cu 3 Snlf >Cu 6 S n 5 Bt»i-ft*>*>C 
113 Sn£r2/zm N Cu6 S 115 0 . I p. m^ffc L/c 
S^Sr^L, 2 6 3 (i % N i 3 S n 4 * 1 // m^^cLfc 

bi5/i mXtf** Pb : Sn = 4 0 : 6 0 COfiJ^co P 10 

b - s n^^b45>'^v^y^»^^?)ntv^5 e 
[0 10 6] El 2 4 {c*3*tSS*i: Infill-. Cu 3 S n 

g|J?>C u 6 S n 5 IJ¥0»^OWSCu 3 S n <C u 

6 Sn 5 £0^tc]t^L-C^ff^iS^Ci:^^ o7 t 0 
[0 10 7] :<D^^Cu 3 S nJKff(iO. 0 

5 & m— 10m mO$KHrt^i3V^'C3Sft35 J i<i< * S'J^f? 

ftofciS!0|t»^6C u 6 S n 5 mW-fcO. 0 2 12 m 

fc. 

[o 1 o 8 ] i2 7(1, m2(Dmmmt LtM^ns ^ 

HS2 7 1 , 2 7 2, 2 7 3(1 #^r, ^^«P 
b : Sn=10 : 90, Pb : Sn = 4 0 : 6 0, P 
b : S n = 9 0 : 1 0 <£> & # <Z>ftft£ £ ^JWaiLK 

[0 10 9] ^or, /^yisM^«^>^ 30 

[OllOlit 0 2 8i:H 

Off«IttcD|¥ffi^m^^-ro ^"Cd lOmmXIO 
mmO^ftf 7 ^W^'>rV > ^ .7 K1C P b (5 
ixm) /C U6 S n 5 (0. 1 /i m) — C u 3 Sn (2 
/z m) /C u ( 1 u m) /T i (0. 1 n m) <Z>«JB{*: 40 

£7F2/#U j eo±t:Pb/Sn = 6 0/4 0©/<y^i 
SS:2 5 6fi, SlOO/imK'MU SLCSfii 

[0 111] 2 5 6 tVOtt' 1 lit^g^t-T 9 

(Nf 5 o) . «««cia«*>r^/uS:*Lfc. -tf-VTVMgc 
lilOOOfi, 8ft«*>f (-5 5°C (3 0 

min) ~ 2 5 °C ( 5 m i n ) -1 2 5t (30mi 
n) — 2 5°C (5m i n) ) T'ff o/c Q 50 
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[0112] if28Kt m-te&m&mj&L.tzm 

£\ 2 8 2tt«*W»JiSr»riEUfcii^Sr#/r«-r o 
[0 1 1 3] EI 2 8<7>SJH7^fe>. C<D«&^JR«tt»«dS 

to 

[0114] rixb©te*^fe**WSrfflv^fc**(«6 
[0 115] W, *3SMJ-«t5***Sg««:»J!B*tihS: 
[0 116] Sb^*ISWJcfflV^b*t5^y TAJKtffl. 

n cu, n i icpg^-r^> t>co-r*{^/^< , ixtfAu, 

W, Ag, Al, Cr, fe-5l/MiTi*S:«fflt5-i: 
Pb-Sn^iO^^bfs Sb, Bi, In, Ga, 

[0117] 

^ntv^t^n, ctL^co 2«igo^jR®^^ y r y 

[0118] *3SWtcJ:*ui. wftS-C^Wft:* 

[El 1 ] *^p^{c^^^^#:^®^a*:^«it^^-r 

[El 2] **Wfc«5¥*ff»««::7y y^y^lt 

[El 3 ] *»WI^75^5****«^)f5 1 

[HI 4 ] **WJJ:*^S*»*JS1t^» 2 (DMm<DM 
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[as] mi <Dj&m^t*frZ'<^7w&*mtt*m 
[0 6] mi <oi&m\^fafr%'<>7mfe*ffiK.tz.*m 

[17] m 1 ^Slc^5^y/*«S:fltfc*» 

[18] mi (DMM^fr&s<>'y p mm£ffi^tz¥m 

*36««)«J|txa4rttWi-6fc«>©B 
[B9] ^1 ^IBJc^^S^O^tMSr**.*:** 

^^e^iaitxs^i^p^-r^fc^^u 7(? 

[Hi 0 ] il ©JBIBlc^^^^ v^mfliSrlti^* 

[iii] mi ©jgm^^s/o^mssrflt Afc* 
w#js«©i(jtxa«:»w-r«fc«>oH 

[HI 1 2 ] II 0«Sli«c^S^^^7 p ««S:fllx.fc* 

sKt*«o§!itxasrKw-rsfc«>«)ia 
[gi 1 3 ] mi ^jKffi^^s^^^masrflixfc^ 
w*s6«©«jsxa«:»wi-a*:ie>«>H 

[114] ^1 ©*BK:^5^y/«It«x.fc* 

»#as«iz>Haxa«:«wi-sfc«>«>H ^ 
im i 5 ] mi o»ttic^s^<>'7 p «as:«[x.fc* 
w*««©Riftxas:ttw-r*fe«)^ia 

[116] mi ^Il}:H^/^7°Hi«x.f:f 
8K«S«©ilJftxa*:RW-*-afc»<DH 

[in] ^>^««rt(fu^«?figs*t5^ y rm<om 
[Hi s] Ay/igrta^M^n^^yriw^ 

[8i9] *m&mmz®mmmmznmirzi:m 
zsLmir&titiKDm 30 

[820] ¥«*SeB«rEllSEIftXfi^Xtti-SXa 
[821] *»*KB*EIKiai»S4Et-ll3fi-t-5xa 

[122] *mmicfafrzs<^7mm&m^tc*mfc 
[12 3] *%.W(om i &tfm 2 oficwstf 
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[12 5] Wift«#fc: £ 5#3B9i<£>» 2 

[12 6] ~mmm<om i (ommm^mmt^^r 
[127] m2<Dmmmt i,xmj&£tiz>&m<D$&m 

[12 8] «&^#So«a^Jcj:5ft*gtt<7)av^i¥flE 
8*«r*t/77B 

[12 9] se^^is^^iftBj-rafc^oi 

[13 0] «^«SrffiPJtSfcfe^i 
[13 1] M-MMfcttB 

[13 2] =y^-«ttlBB 

2-/<yrMl > 

3 - -tt/uTcV^:/ " 

4- »*l<0**») 

5- S2^)iIiJ 
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Cu-Sn PHASE DIAGRAM 



Ni-Sn PHASE DIAGRAM 



